A series of natural chlorins with octadecylamine residue in pyrrole rings A and D have been prepared on the basis of chlorophyll a derivatives. The compounds are capable to form intermolecular conjugates with upconversion nanoparticles (UCNP) due to hydrophobic interactions with oleic acid on the surface of nanocrystals. Coincidence of the intensive chlorin absorption band with UCNP fluorescence in red range of spectrum results in Förster resonance energy transfer (FRET).
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Natural Chlorins Octadecylamides
Upconversion nanoparticles (UCNPs) possess the unique photophysical and spectral characteristics [1] [2] [3] that have found potential applications in theranostics for visualization and therapy of malignant tumors. UCNP represent a nontoxic inorganic crystal matrix of the composition NaYF 4 co-doped with various lanthanides (Yb, Er, Tm). The UCNP spectral properties can be easily tuned via adjusting the percentage of lanthanide ions in composition. [4] [5] [6] One approach for application of UCNPs in theranostics is producing of intermolecular complexes of such phosphors with various photosensitizers (PS) for use in photodynamic therapy (PDT) of cancer. [7, 8] Excitation wavelength (980 nm) and the main photoluminescence peaks of UCNP are in infrared, red and green ranges of spectrum. Therefore, investigation of these complexes is considerably simplified due to the absence of the luminescence of biological tissues. Both natural and synthetic photosensitizes [9] [10] [11] [12] [13] are applied as components of a complex.
In this paper we describe the synthesis of noncovalent complexes of natural chlorins with UCNPs for energy transfer investigations from the particle to PS. Due to synthetic procedure features, the particles have oleic acid residue with hydrophobic nature on the surface. Nanoparticle structure b-NaY 0.78 F 4 ,Y 0.2 Er 0.2 is most widely used. The photoluminescence spectrum of nanoparticles has two main peaks at 540 and 650 nm when excited by 975 nm laser radiation. [14] In the current work we used nanocrystals b-NaY 0.798 F 4 , Y 0.2 Er 0.02 with 10 times smaller erbium content. Such change of structure causes the prevalence of red peak in the spectrum, and almost completely coincides with the intensive chlorin absorption band.
28 nm b-NaY 0.798 F 4 ,Y 0.2 Er 0. 02@NaYF 4 core/shell UCNP was synthesized as described in our recent work. [15] The produced nanocrystals indicate 3 % upconversion efficiency at the excitation intensity 10 W/cm 2 ( Figure 1 ). The inactive shell is used to decrease the surface effects of fluorescence quenching and allows increasing UCNP brightness by 6 times. The synthesized nanocrystals are well dispersed in nonpolar organic solvents, such as hexane, chloroform, etc.
Easily available pyropheoforbide a (1) [16] and chlorin p 6 dimethyl ester (2) [17] were used as starting chlorins for conjugates synthesis. At first the vinyl group in 1 was converted to aldehyde 3 [18] and then it was oxidized to carboxylic acid by sodium chlorite treatment. [19] The obtained acid (4) was activated by disuccinimidyl carbonate (DSC) and conjugated with octadecylamine to form the octadecylamide (5) in 56 % yield (Figure 2) . Presence of carboxyl group in 17 3 -position allows further modification of the molecule.
Similarly, chlorin p 6 dimethyl ester (2) was converted to octadecylamide derivative 6 in 88 % yield. Octadecylamine had a similar length as the oleic acid residue on the nanoparticle surface, that provided the good hydrophobic interaction between conjugate components.
Then obtained chlorins were conjugated with UCNPs, using hydrophobic interactions between octadecylamine and oleic acid residues. Results of photophysical researches were similar in both cases, therefore herein the description for compound 6 is represented. Nanoparticles were dispersed in chloroform in concentration 1 mg/ml. Then excess of chlorin in chloroform was added and mixture was sonicated for 3 min. Further suspension was diluted with an isopropanol and centrifuged at 6000 rpm for 30 minutes. Resulting black-green precipitate was separated from excess of chlorin and centrifuged in isopropanol/chloroform mix three times, and then dispersed in chloroform and subjected to the energy transfer study (Figure 3) .
Fluorolog-3 HJY fluorimeter (HJY, France) equipped with photomultiplier tube (PMT, Hamamatsu R929P) was used to measure photoluminescence (PL) spectrum and kinetics of the nanoparticles and conjugates. The PMT signal was registered by means of the high-speed oscilloscope (Tektronix TDS 6804B, USA). The quartz cuvette with sample was placed in a fluorimeter cuvette compartment. The semiconductor ATC laser (Semiconductor devices, Russia) was utilized as an excitation source. Exciting radiation at 975 nm from optical fiber was focused in the cuvette compartment using the quartz lens. Power density was a constant at all measurements and was equal to 50 W/cm 2 . The duration of laser pulses was 2 ms at repetition rate of 70 Hz. The measurement of luminescence lifetime of the donor at the presence and lack of the acceptor is required for estimation of resonance energy transfer efficiency, proceeding from the Förster formalism. Therefore, the following expression allows calculating the efficiency of the FRET process (η):
where t DA is the lifetime of the donor at the presence of the acceptor, and t D is the lifetime of the donor at lack of the acceptor. The FRET efficiency can be also expressed as the percentage: η % = η•100 %.
For estimation of FRET efficiency we have measured the lifetimes of the excited state of Er 3+ ions in nanoparticles. Results of measurements are presented in Figure 6 . Lifetime of the excited state of Er 3+ ions is 730 µs in case of lack of the acceptor and 600 µs in case of a conjugate. Thus, energy transfer efficiency from the donor (UCNP) to the acceptor (chlorin) at 650 nm is ~18 %. Thus, it has been shown that chlorin derivatives with octadecylamine residue are capable to form intermolecular conjugates with UCNP due to hydrophobic interactions with oleic acid on the surface of nanocrystals. The FRET efficiency in such conjugates is around 18 %. Further therapeutic agents on the basis of such complexes can be applied for fluorescent visualization of tumors. 
